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Synopsis
The behavior of Iowa streams in low-water periods during the crop- 
growing season, May to September inclusive, is herein determined. The 
flow records in all such periods of ten days or more in length were first 
analyzed to determine the recession constants. The results of this part 
of the investigation are shown on a map of the state and indicate a con­
siderable uniformity of behavior during each of the summer months. In 
the second part, the flow at the beginning of the periods was related to 
the area and soil permeability of the drainage basin and to the antecedent 
temperature and precipitation by means of correlation techniques.
Introduction
During periods of little or no precipitation which occur in the grow­
ing season, Iowa farmers frequently resort to surface streams as a source 
of water supply for irrigation purposes. The State of Iowa exercises 
control over the irrigation withdrawals by requiring the irrigator to 
terminate his withdrawal of surface water when the flow of the stream 
reaches a minimum known as the “protected flow” set by the state as the 
amount needed for sanitary and water supply uses downstream. The 
purposes of this study are to find a means of predicting the time at which 
the low-water discharges of Iowa streams would reach a particular value 
such as the “protected flow” and to relate the flow at the beginning of 
such a drouth period to basin characteristics and meteorological factors 
so that results can be generally applied to any watershed.
After a period of precipitation, during which the surface runoff has 
passed a particular point on a stream, the flow appears to come solely 
from ground water. The discharge emanating from the ground water 
has been found to recede in a semilogarithmic manner which may be 
described by the equation: Q, — Q0K ‘ where Qt is the rate of flow t days 
after an observed initial flow Q„, and K is the “recession constant” of the 
stream. (See V. T. Chow, Handbook of Applied Hydrology.) Thus, when 
K  is known for a stream, and the initial flow Q0 can be determined, the 
flow Qt for t days later may be predicted. It was hoped that the recession
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constant would prove consistent and reasonably stable for Iowa streams. 
Since flow forecasts are needed for streams having no discharge records, 
stochastic relations between streamflow and basin and climatic character­




The data used in this investigation were obtained from several 
sources: the published reports of the mean daily discharges of Iowa 
streams of the Iowa Geological Survey; the U.S. Geological Survey, 
W ater Resources Division, Water Supply Papers on the Upper Mississippi 
River Basin and on the Missouri River Basin; the U.S. Geological Survey, 
Water Resources Division hydrographs for Iowa stream-gaging stations; 
the U.S. Weather Bureau; and the U.S. Soil Conservation Service. The 
flow data were examined according to the following procedure:
1) The lower portions of recession hydrographs having a steady 
decline for at least ten days during the growing season were plotted using 
logarithmic discharge and linear time scales.
2) The best straight line was constructed through each group of 
plotted points.
3) If a distinct break in the line was observed, this time was assumed 
to be the beginning of ground-water flow.
4) The recession constant was calculated.
5) The curves were then classified according to stream-gaging 
station-location and the month during which the recession occurred.
6) A map of Iowa showing the streams, gaging stations, and recession 
constants was prepared.
Results
All the available stream-flow data of the 110 stream-gaging stations 
in Iowa were studied. The length of record varied from station to 
station, the longest being 63 years. The drainage areas varied widely 
from 3 to more than 14,000 square miles.
Recession constants were found for 171 individual events at 76 gaging 
stations. Fig. 1 shows a typical treatment of the data used. The magni­
tudes of the recession constant K  in each month for each gaging station 
were determined and shown in Figs. 2 to 6 in geographical relation. The 









Some general trends in the variation of K  with the drainage area and 
the initial discharge Q„ were observed.
There was a surprising consistency at a given discharge station, most 
of the constants for different dry periods having approximately the same 
values. Furthermore, there was little variation from one river to another 
in most cases.
There was a tendency, however, for the coefficient to vary to some 
degree with the drainage area. For example, for areas smaller than 100 
square miles K ranged from 0.86 to 0.92. For those between 100 and 1000 
square miles K  ranged from 0.92 to 0.98. And for areas between 1000 and 
3000 square miles K  ranged from 0.94 to 0.98. If the area was larger than 
3000 square miles, K  was never less than 0.95.
Probably because of the rough similarity in topography and geology, 
variation in location had little effect on K. In most parts of the state K 
was above 0.90, and above 0.94 in August and September.
One glaring exception to these general trends was found in the 
Chariton River Basin, where K  was below 0.90.
The constant also varied with the season. In August and September 
K  was greater than 0.94, except for the Chariton River Basin. Moreover, 
in May, June and July K values were lower than those of August and 
September.
In regard to the initial discharge Q0 several general groupings were 
apparent. For a Q0 of less than 10 cfs K was never greater than 0.90 for 
areas less than 100 square miles, and was greater than 0.92 for areas 
greater than 100 square miles. Also for a Q larger than 20 cfs and an area 
greater than 100 square miles K was never less than 0.95.
Recommendations
Since a recession constant was not found for each stream-gaging 
station for each month the following recommendations on the selection of 
K  are made.
Where two or more curves are given for a station in the same month, 
the K of the curve which is closest to the flow for which the prediction is 
to be made may be chosen by reference to the tabulated data, Table 2.
To obtain a K  for a gaging station for which there are no curves for 
the desired month but for which curves were found for other months, the 
value of K  for the nearest month can be used. This value may be ad­
justed to account for the difference in season.
For a station at which no K values were found, it is suggested that
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the maps be used. The K  of a nearby station of similar area would 
probably be the best estimate.
Table I in the Appendix showing values of K ' for various values of 
K  and t is included to facilitate computations.
Conclusions
The data contained in this report should permit the prediction of 
ground water stream flow with reasonable accuracy for a period of one 
to two weeks in advance, if no rain falls, and thus make it possible to 
give an irrigator several days to a week’s notice of the time when the 
withdrawal from a stream must be terminated.
This part of the project reveals a consistency of recession co­
efficients at existing stream-gaging stations in the summer months which 
should be useful in predicting the time of occurrence of particular low- 
water flows. It may be inferred that the coefficients at other points on 
the same or nearby streams would have coefficients of about the same 
magnitude.
The second part of the investigation deals with the relation of the 
magnitude of the low-water flow at the beginning of a period of recession 
to associated parameters such as basin area, antecedent rainfall, and 
soil types.




The second part of the investigation describes the determination of a 
relation between the magnitude of the low-water flow at the beginning of 
a period of recession flow and the associated parameters of basin area, 
antecedent rainfall, soil type, and antecedent temperature. Low flows in 
Iowa streams (170 cases) were analyzed to determine, by multiple cor­
relation, a prediction equation that could be used to forecast the initial 
flow of a recession. In conjunction with the values of the recession con­
stant determined in the first part, the discharge at some future time could 
then be determined. Such information should be useful in the water 
management program.
Procedure
The data used in the second part of the investigation were obtained
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from the following sources: the published reports of stream discharges 
(see Part I), the “Climatological Data” published by the U.S. Weather 
Bureau, and from “Principal Soils of Iowa,” Report No. 42, Department 
of Agronomy, Iowa State University.
The data were examined in the following manner:
1) Q0, the initial low flow discharge observed at the beginning of a 
period of recession of at least ten days was determined from stream-flow 
records.
2) The area of the basin, A, in square miles, was determined from 
Iowa Highway Research Board, Bulletin 7, or planimetric measurements 
of basin maps.
3) The soil index, I, was determined in the following way: Each 
“soil association area” (as described in “Principal Soils of Iowa,”) was 
assigned a permeability index representing the average of the per­
meability indices of the soil types in a soil association area. As the 
“permeability rating” was in the form of a qualitative rating it was 
necessary to assign a quantitative value to the rating. The following 
scale of permeability indices was used:







The quantitative ratings for the permeability ratings of the soil types 
in a soil association area were then averaged, resulting in an “average 
permeability index” for a given soil association area. The range of 
permeability indices for the areas of Iowa was from 1.4 to 4.0 and are 
shown in Fig. 7.
Using this map of the soil association areas, each basin was then as­
signed a soil index, I, which is an average of the permeability indices of 
the soil association areas occurring in the basin, weighted by area of 
occurrence. As an example, the Clarion-Nicollet-Webster soil associa­
tion area was given a permeability index of 3.4, and Big Cedar Creek 
near Varina, which lies entirely within this soil association area, was 
then assigned this value.
4) The antecedent temperature, T, in degrees Fahrenheit, was calcu-
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lated for three different lengths of antecedent time, t, dependent upon the 
basin area, as follows:
0 <  A  <  100 square miles t  =  10 days 
100 <  A  <  800 square miles t =  20 days 
800 <  A  t =  30 days
The antecedent temperature, T, was then determined as the average 
of the daily maximum and minimum observed temperatures of the 
weather bureau stations occurring in the basin, averaged over the 
antecedent period. No attempt was made to give more weight to recent 
temperatures (that is, temperatures of days nearer to the time of Q0) 
than to temperatures at the beginning of the antecedent period. As the 
temperature variation in any one antecedent period was not large this is 
considered a reasonable approximation.
5) The antecedent precipitation index, P, in inches, is the total 
average precipitation occurring on the basin for the antecedent period 
using the same periods as used for the determination of the antecedent 
temperature. The value for P was taken as a Thiessen weighted average 
of the observed daily rainfall summed over the antecedent period. The 
Thiessen weights for each station of record were determined by plani- 
metric measurements of the contributing areas of the Thiessen polygons 
of each basin, using basin maps.
Results
Using these data (which are reproduced in Table I I ) , a relationship 
of the form
Q =  CAm PB2 TB3 IB4
was then determined by multiple correlation of the data. The indepen­
dent variables used in the multiple correlation were A, P , T, and I.
The regression equation using all 170 cases was
Q =  70.2A0-76 P 0-25 T-1-82 I1-84
The multiple correlation coefficient for these cases was 0.81 and the 
standard error of estimate for the dependent variable was .9925. The 
partial coefficients of correlation of A, P, T, and I, with Q were 0.73, -0.027, 
-0.14, and 0.29, respectively.
While using all cases yielded a prediction equation of some value, 
consideration of the cases available on a monthly basis yielded consider­
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ably better correlations. Data were available for the 170 cases by month 




J uly 41 cases
August 46 cases
September 56 cases
The regression equations obtained by considering the month of occur­
rence were
Q =  A0-71 P 0-22 I ^ - 67 I2-01 May
Q =  A1’-87 P 1-13 T-üao I2-35 June
Q _ A 0.«8 po.22 T —0.67 p . 87 J u Jy
Q =  A0-92 P 017 T-104 I’-74 August 
Q =  A 100 P 0 07 T-1'53 I2-81 September
The multiple correlation coefficient R, the standard error of estimate E, 




May .945 .273 .922 .659 .854 .849
June .981 .207 .957 .822 .920 .909
July .953 .371 .926 .516 .851 .840
August .949 .500 .921 .577 .833 .843
September .947 .587 .905 .485 .810 .839
Using the above monthly regression equations the predicted initial low 
flow discharges were calculated and are tabulated in Table II, with the 
observed values of Q0 for comparison. The two cases for April were not 
included in the analysis. To aid in the evaluation of the regression 
equations as a means of predicting low flows, the predicted values of Q„ 
are also plotted versus the observed values of Q0 in Figures 8 to 12. 
Logarithmic scales were used for convenience as the data range over 
several cycles.
As the precipitation index yielded the poorest partial correlations, 
an attempt was made to determine another means of evaluating the 
antecedent precipitation. The first attempt involved calculating the 
antecedent precipitation index by weighting the observed Thiessen 
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according to the proximity in time of the observed daily rainfall to the 
initial low flow in the form
t t;
P i  =  2  p j  
0
where
Pi is a Thiessen weighted average daily rainfall 
t  is the length of antecedent period in days 
ti is the number of days prior to the date of Q0 
f  is a constant (less than 1.0)
Values of j  ranging from 0.95 to 0.55 yielded no significant improvements 
in the correlations or, in turn, in the prediction equation.
The second attempt involved using the observed value of the reces­
sion constant for the weighting factor f. Again, no significant improve­
ment in the correlations was found.
As the precipitation was found to have little effect on the regression 
equation, the data were also correlated using only A, T, and I as the 
independent variables. The results yielded nearly the same coefficients 
of correlation as when precipitation was used and are shown below by 
month:
Q =  A0-70 »p—0.65 T2.15 May
Q =  A101 rp-1.12 J1.92 June
Q =  A0-72 »p-0.65 Jl.71 July
Q =  A0-95 ,p-1.06 Jl.75 August
Q =  A101 •JVL.54 J2.85 September
The multiple correlation coefficient R  and the standard error of estimate 
E are tabulated below by month (the partial coefficients of correlation are 







As the correlation coefficients and standard errors of estimate are but 
little different from those obtained from consideration of precipitation, 
as a practical matter the last given equations will be found considerably 
simpler to use as the only variable which varies with time for a given 
basin is the antecedent temperature index.
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Bulletin 1. “The Flow of Water Through Culverts,” by D. L. Yarnell, F. A. 
Nagler, and S. M. Woodward, 1926. 128 pages, 26 figures, 23 plates. Out of print.
Bulletin 2. “Laboratory Tests on Hydraulic Models of the Hastings Dam,” by 
Martin E. Nelson, 1932. 72 pages, 40 figures. Out of print.
Bulletin 3. “Tests of Anchorages for Reinforcing Bars,” by Chesley J. Posey, 1933. 
32 pages, 18 figures, price $0.50.
Bulletin 4. “The Physical and Anti-Knock Properties of Gasoline Blends,” by 
Theodore R. Thoren, 1934. 32 pages, 13 figures, price $0.35.
Bulletin 5. “The Transportation of Detritus by Flowing Water—I,” by F. T. Mavis, 
Chitty Ho, and Yun-Cheng Tu, 1935. 56 pages, 15 figures, price $0.50.
Bulletin 6. “An Investigation of Some Hand Motions Used in Factory Work,” by 
Ralph M. Barnes, 1936. 60 pages, 22 figures. Out of print.
Bulletin 7. “A  Study of the Permeability of Sand,” by F. T. Mavis and Edward F. 
Wilsey, 1936. 32 pages, 12 figures, price $0.35.
Bulletin 8. “Radiation Intensities and Heat-Transfer in Boiler Furnaces,” by 
Huber O. Croft and C. F. Schmarje, 1936. 32 pages, 17 figures, price $0.35.
Bulletin 9. “A Summary of Hydrologic Data, Ralston Creek Watershed, 1924-35,” 
by F. T. Mavis and Edward Soucek, 1936. 72 pages, 25 figures, price $0.50.
Bulletin 10. “Report on Hydraulics and Pneumatics of Plumbing Drainage 
Systems—I,” by F. M. Dawson and A. A. Kalinske, 1937. 32 pages, 5 figures, price 
$0.35.
Bulletin 11. “The Transportation of Detritus by Flowing Water—II,” by F. T. 
Mavis, Te-Yun Liu, and Edward Soucek, 1937. 32 pages, 8 figures, price $0.35.
Bulletin 12. “Studies of Hand Motions and Rhythm Appearing in Factory Work,” 
by Ralph M. Barnes and Marvin E. Mundel, 1938. 64 pages, 24 figures. Out of print.
Bulletin 13. “Hydraulic Tests of Small Diffusers,” by F. T. Mavis, Andreas 
Luksch, and Hsi-Hou Chang, 1938. 32 pages, 16 figures, price $0.25.
Bulletin 14. “A  Study in Flood Waves,” by Elmer E. Moots, 1938. 32 pages, 7 
figures, price $0.25.
Bulletin 15. “The Road Map of Hydraulic Engineering in Iowa,” by E. W. Lane 
and Edward Soucek, 1938. 16 pages, 4 figures, price $0.25.
Bulletin 16. “A Study of Hand Motions Used in Small Assembly Work,” by Ralph 
M. Barnes and Marvin E. Mundel, 1939. 68 pages, 33 figures, price $0.50.
Bulletin 17. “A Study of Simultaneous Symmetrical Hand Motions,” by Ralph M. 
Barnes and Marvin E. Mundel, 1939. 40 pages, 15 figures, price $0.40.
Bulletin 18. “Percolation and Capillary Movements of Water Through Sand 
Prisms,” by F. T. Mavis and Tsung-Pei Tsui, 1939. 32 pages, 13 figures, price $0.25.
Bulletin 19. “Two Decades of Hydraulics at the University of Iowa, Abstracts of 
Theses, Publications, and Research Reports, 1919-1938,” edited by F. T. Mavis, 1939. 
84 pages, price $0.50.
Bulletin 20. “Proceedings of Hydraulics Conference,” edited by J. W. Howe, 
1940. 260 pages, 84 figures. Out of print.
Bulletin 21. “Studies of One- and Two-Handed Work,” by Ralph M. Barnes, 
Marvin E. Mundel, and John M. MacKenzie, 1940. 68 pages, 31 figures, price. $0.50.
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Bulletin 22. “The Study of the Effect of Practice on the Elements of a Factory 
Operation,” by Ralph M. Barnes and James S. Perkins with the assistance and col­
laboration of J. M. Juran, 1940. 96 pages, 34 figures. Out of print.
Bulletin 23. “An Annotated Bibliography of Fishways,” by Paul Nemenyi, 1941. 
72 pages, 12 figures. Out of print.
Bulletin 25. “The Electrostatic Effect and the Heat Transmission of a Tube,” by 
Melvin R. Wahlert and Huber O. Croft, 1941. 40 pages, 10 figures, price $0.40.
Bulletin 26. “Investigations of the Iowa Institute of Hydraulic Research,” 1939- 
1940, edited by J. W. Howe, 1941. 64 pages, 15 figures, price $0.40.
Bulletin 27. “Proceedings of the Second Hydraulics Conference,” edited by J. W. 
Howe and Hunter Rouse, 1943. 352 pages, 167 figures. Out of print.
Bulletin 28. “The Preparation of Stoker Coals from Iowa Screenings,” by H. L. 
Olin, 1942. 64 pages, 22 figures, price $0.50.
Bulletin 29. “Study of Transportation of Fine Sediments by Flowing Water,” by 
A. A. Kalinske and C. H. Hsia, 1945. 40 pages, 18 figures, price $0.40.
Bulletin 30. “The Iowa Institute of Hydraulic Research,” 1946. 80 pages, 36 
figures, price $0.50.
Bulletin 31. “Proceedings of the Third Hydraulics Conference,” edited by J. W. 
Howe and John S. McNown, 1947. 332 pages, 163 figures, price $2.50.
Bulletin 32. “Cavitation and Pressure Distribution—Head Forms at Zero Angle of 
Yaw,” by Hunter Rouse and John S. McNown, 1948. 70 pages, 53 figures, price $1.00.
Bulletin 33. “Third Decade of Hydraulics at the State University of Iowa,” edited 
by M. C. Boyer, 1949. 84 pages, 8 figures, price $0.50.
Bulletin 34. “Proceedings of the Fifth Hydraulics Conference,” edited by John S. 
McNown and M. C. Boyer, 1953. 302 pages, 139 figures, price $3.50.
Bulletin 35. “Free-Streamline Analyses of Transition Flow and Jet Deflection,” 
edited by John S. McNown and Chia-Shun Yih, 1953. 82 pages, 37 figures, price $1.00.
Bulletin 36. “Proceedings of the Sixth Hydraulics Conference,” edited by Louis 
Landweber and Philip G. Hubbard, 1956. 276 pages, 131 figures, price $3.50.
Bulletin 37. “Operating Manual for the IIHR Hot-Wire and Hot-Film Anemom­
eters,” by Philip G. Hubbard, 1958. 40 pages, 16 figures, price $1.00.
Bulletin 38. “Hydraulics of Box Culverts,” edited by Donald E. Metzler and 
Hunter Rouse, 1959. 34 pages, 23 figures, price $1.00.
Bulletin 39. “Proceedings of the Seventh Hydraulics Conference,” edited by 
Arthur Toch and G. R. Schneider, 1959. 306 pages, 172 figures, price $3.50.
Bulletin 40. “Fourth Decade of Hydraulics at the State University of Iowa,” 
edited by Lucien M. Brush, Jr., and Lawrence R. Mack, 1960. 102 pages, 7 figures, 
price $1.00.
Bulletin 41. “Laboratory Instruction in the Mechanics of Fluids,” by Hunter 
Rouse. 60 pages, 53 figures, price $1.00.
Bulletin 42. “Cavitation and Pressure Distribution—Head Forms at Angles of 
Yaw,” by Hunter Rouse, 1962. 40 pages, 5 figures, price $1.00.
Bulletin 43. “Recession Characteristics of Iowa Streams,” by J. W. Howe, 1968. 
32 pages, 12 figures, price $1.00.
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